Objectives: A relationship between obesity and intestinal bacterial translocation has been reported. Very little information is available with respect to the involvement of the bacterial translocation mechanistic pathway in HIV-1/highly active antiretroviral therapy (HAART)-associated lipodystrophy syndrome (HALS). We determined whether lipopolysaccharide (LPS)-binding protein (LBP), cluster of differentiation 14 (CD14), myeloid differentiation protein 2 (MD2) and toll-like receptor 4 (TLR4) single-nucleotide polymorphisms and LPS, LBP and soluble CD14 (sCD14) plasma levels are involved in HALS.
Introduction
After years of intensive research, the pathogenesis of HIV-1/highly active antiretroviral therapy (HAART)-associated lipodystrophy syndrome (HALS) is not completely known. Studies have sought candidates for the factors involved, among them being the type of antiretroviral drugs used, 1 disturbances in cytokine and adipokine synthesis, mainly produced by adipose tissue, 2, 3 inflammation 4 and immune activation. 5 Noteworthy is that some morphological traits and pathological mechanisms in HALS are reminiscent of obesity. 6 Recent information suggests that there is a relationship between immune activation and obesity or metabolic disturbances in the general population. 7, 8 In this way, a close positive association between the circulating lipopolysaccharide (LPS)-binding protein (LBP) concentration and obesity-associated metabolic perturbations has been reported. 9 HIV-1-infected subjects have chronic immune activation, 10 which is tempered but not fully reverted with successful HAART. 11 An increase in circulating microbial products due to increased intestinal translocation, such as LPS, has been proposed as a potential stimulus that causes this immune activation. 12, 13 The classic LPS signalling pathway involves LBP, cluster of differentiation 14 (CD14), myeloid differentiation protein 2 (MD2) and toll-like receptor 4 (TLR4). 14 Given that the LPS signalling pathway has been implicated in obesity and metabolic disturbances in uninfected subjects and that HIV-1-infected patients show greater immune activation, we aimed here to study the LPS-LBP -CD14-MD2 -TLR4 complex in treated HIV-1-infected patients with HALS. Since an interaction between LPS and TLR4 triggers the expression and release of proinflammatory cytokines and that the latter have been involved in the pathogenesis of HALS, our working hypothesis was that HALS could be linked to genetic variability in the LPS signalling pathway.
Patients and methods

Design, setting and participants
This was a multicentre, cross-sectional case -control study comprising 558 treated adult HIV-1-infected patients, 318 without HALS and 240 with overt HALS. The sample size was calculated to find a difference in the distribution of polymorphisms between the two subsets of 13%, assuming a proportion of 40% in the non-HALS risk category, a risk a value of 5% and a power of 80%; the number of individuals to be included was 240 per group. This number has proved to be useful and replicable for genetic analyses of HIV-1-infected populations. 15 Studies of the LBP, CD14, MD2 and TLR4 genes were carried out in all 558 patients, while circulating LPS, LBP and soluble CD14 (sCD14) levels were assessed in a subset of 163 patients (82 without HALS and 81 with HALS) whose stored plasma samples, drawn when enrolled, were available. Patients were consecutively recruited between 2004 and 2006 at the HIV outpatient clinic of the participating hospitals. Patients were selected from among those who were receiving HAART, defined as the combination of two nucleoside reverse transcriptase inhibitors (NRTIs) plus either a non-nucleoside reverse transcriptase inhibitor (NNRTI) or protease inhibitor(s) [PI(s)]. All the selected patients had to fulfil the following inclusion criteria: age .18 years, presence of HIV-1 infection, stable ART regimen for at least 1 year and the presence or absence of HALS according to previously defined standardized criteria (see below). Exclusion criteria were the presence of active opportunistic infections, current inflammatory diseases or conditions, consumption of drugs with known metabolic effects, such as steroids (systemic, inhaled or topical), antidiabetic or hypolipidaemic drugs, and hormones, and plasma C reactive protein .1 mg/dL. A flow chart with patient selection and enrolment is provided in Figure S1 (available as Supplementary data at JAC Online). Ethics committees from the participating institutions approved the project. Informed consent was obtained from each participant.
Assessment of HALS
All patients were given a full physical examination to assess the type (lipoatrophy, lipohypertrophy or mixed) and degree (slight, moderate or severe) of lipodystrophy. Criteria for lipoatrophy were one or more of the following: loss of fat from the face, arms and legs, prominent veins in the arms and legs and a thin bottom. Lipohypertrophy was defined by the presence of one or more of the following criteria: increase in abdominal perimeter, breast and/or neck fat deposition. We defined mixed lipodystrophy as being when at least one characteristic of lipoatrophy and one of lipohypertrophy were concomitantly present in a given patient. Lipodystrophy was categorized in accordance with a previously validated scale:
16 nil (0), slight (1), moderate (2) and severe (3). Doubtful cases were excluded. This categorization was evaluated for the face, arms, legs, buttocks, abdomen, neck and breasts. The sum of the values corresponding to each body area indicated the degree of lipodystrophy: nil (0), slight (1-6), moderate (7) (8) (9) (10) (11) (12) and severe (13 -18) . 16 -18 In this study we included only extreme lipodystrophy phenotypes (nil versus severe cases) in order to avoid superposition between groups. To objectively assess the distribution of visceral adipose tissue and subcutaneous adipose tissue, a single-slice CT scan was performed at the L4 level in the 558 patients included in this study. The surface of adipose tissue was measured in cm 2 .
Laboratory methods
Blood measurements
HIV-1 infection-related parameters and plasma glucose, insulin, homeostasis model assessment for insulin resistance (HOMA-IR), total cholesterol, high-density lipoprotein cholesterol (HDLc), low-density lipoprotein cholesterol (LDLc) and triglycerides were measured as previously desribed.
17,18
Assessment of polymorphisms
All the single-nucleotide polymorphisms (SNPs) were validated by genotyping (KBioscience, Herts, UK) and were as follows: LBP, rs2232582 (T C); rs2232596 (G A) and rs2232618 (T C);
22 rs1927911 (C T) 22 and rs11536889 (G C); 23 MD-2, rs11465996 (C G). 24 
LPS, LBP and sCD14 plasma levels
Circulating LPS has been proposed as a direct marker of bacterial translocation 25 and LPS levels were determined with a commercial Limulus Amebocyte Lysate (LAL) kit (Lonza, Spain). Plasma LBP levels were measured using the Human LBP ELISA kit (HyCult Biotechnology bv; PB Uden, The Netherlands). Plasma sCD14 was assayed with a commercially available ELISA kit on sera diluted 0.01% in duplicate wells (R&D Systems, Abingdon, UK).
Statistical analyses
Statistical analyses were carried out using the SPSS/PC+ statistical package (version 17; SPSS, Chicago, IL, USA). Prior to the statistical analyses, normal distribution and homogeneity of the variances were tested.
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Normally distributed data are expressed as mean+SD, whereas variables with a skewed distribution are expressed as IQR or transformed into a decimal logarithm. Categorical variables are expressed as number (%). Qualitative variables were analysed using the x 2 test or Fisher's exact test as necessary. Student's t-test and one way ANOVA with the post hoc Bonferroni test were used to compare continuous variables between two groups and more than two groups, respectively; to compare variables that did not have a Gaussian distribution we used the Mann -Whitney U-test and Kruskal-Wallis test. CD4+ T cell variation or recovery and the HIV-1 plasma viral load between two timepoints, pre-HAART and current, were analysed using two-way repeated measures ANOVA. Associations between quantitative variables were evaluated using Pearson correlation analysis or the Spearman correlation for non-normally distributed variables. The independence of associations was evaluated by linear regression analysis. In all statistical tests, a P value ,0.05 was considered significant.
Results
Characteristics of study population Table 1 and Table S1 (available as Supplementary data at JAC Online) show demographic, clinical and metabolic characteristics of the patients studied categorized according to the presence or absence of HALS. All patients with HALS had marked lipoatrophy that was severe enough to be treated with facial implants and most had also lipohypertrophy.
Genetic association study
Data are shown in Table 2 . Distributions of genotypes and allele frequencies of all SNPs assessed were in accordance with the expected Hardy -Weinberg equilibrium. There was an association Inflammation in HIV-related lipodystrophy between the LBP rs2232582 T C SNP and HALS, carriers of the T allele being significantly overrepresented in HALS patients in both genotype and allele analyses. There was a marginal but significant association between the CD14 rs2569190 A G SNP and HALS, but in the genotype analysis only. LBP and sCD14 plasma levels were not influenced by LBP and CD14 polymorphism, respectively, either in the whole cohort or in the HALS and non-HALS subsets.
Plasma levels of LPS, LBP and sCD14
HALS study Figure 1 shows the values of circulating LPS, LBP and sCD14 in the assessed patients categorized according to the presence or absence of lipodystrophy. Patients with HALS had significantly higher LPS and LBP levels and significantly lower circulating sCD14 levels compared with patients without HALS.
Correlations with metabolic and immunovirological parameters
We assessed the correlations between LPS, LBP and sCD14 and total cholesterol, LDLc, HDLc, triglycerides, glycaemia, insulin, HOMA-IR, pre-HAART and current plasma viral load, pre-HAART and current CD4+ T cell count, and CD4+ T cell gain due to HAART. Each correlation was assessed in the whole cohort and in the subsets with and without HALS separately. Correlations with metabolic data are shown in Tables S2, S3 and S4 (available Viladés et al.
as Supplementary data at JAC Online). Correlations with immunovirological data are shown in Tables S5, S6 and S7 (available as Supplementary data at JAC Online).
Relationship between LPS, LBP and sCD14
In the whole cohort, there was a correlation between plasma LPS and LBP levels (r¼ 0.28, P,0.001) and between plasma LBP and sCD14 levels (r ¼ 20.21, P ¼ 0.008). In patients with HALS there was a correlation between plasma LBP and sCD14 (r ¼ 0.24, P ¼ 0.03), and in the non-HALS subset there was a correlation between plasma LPS and LBP (r ¼0.33, P ¼ 0.002).
Regression analyses
To investigate the strength of the associations, we constructed linear regression analyses considering the levels of LPS, LBP and sCD14 as dependent variables and including the abovementioned bivariate correlations, adjusting for age and gender. For LPS, the model had a multiple correlation coefficient of R ¼ 0.73 and plasma LPS levels were mainly predicted by triglycerides (B ¼ 0.05; P, 0.001) and hepatitis C virus (HCV) (B ¼ 20.09, P ¼ 0.04). For LBP, the model had a multiple correlation coefficient of R ¼ 0.64 and plasma LBP levels were independently predicted by the presence of HALS (B ¼ 0.74, P, 0.001). For sCD14, the model had a multiple correlation coefficient of R ¼ 0.61 and plasma sCD14 levels were predicted by age (B ¼ 20.01; P ¼ 0.008), PI consumption (B ¼ 20.41, P ¼ 0.018) and current viral load (B ¼0.11; P¼ 0.001).
Discussion
This is the first report to assess the perturbations of both circulating and gene polymorphisms of the members of the LPS -LPB -CD14 -MD2 -TLR4 complex together in treated HIV-1-infected patients with HALS. We found that the LBP rs2232582 C T and CD14 rs2569190 A G SNPs were associated with HALS. LBP and CD14 genotypes did not modulate the plasma levels of the molecules for which they respectively encode. In patients with HALS there was an excess of circulating LPS and LPB while in subjects without HALS circulating sCD14 levels were lower. The strongest independent predictors of plasma LPS were triglycerides and HCV, HALS was the unique independent predictor of circulating LBP levels and sCD14 levels were independently determined by age, PI consumption and plasma HIV-1 RNA levels.
Since not all treated HIV-1-infected patients develop HALS, a host genetic individual vulnerability has been proposed. 26 In this study we have assessed the effect of LBP, CD14, MD2 and TLR4 genetic variants. The rationale behind this study is the involvement of these genes in obesity 7, 27 and HALS is reminiscent of obesity. 6 Our data indicate that the LBP rs2232582 C T SNP may be implicated in HALS, carriers of the T allele having greater prevalence of HALS; carriage of the C allele could therefore partially protect against HALS. Note that our finding of a positive association regarding LBP polymorphism is likely to be further replicated since it is based on double contrasts (genotype and allele analyses). 28 We also found a marginal association between polymorphism in the CD14 gene and HALS, but in the genotype analysis only. No association with MD2 and TLR4 polymorphisms and HALS was observed, confirming previous investigations. 29 A question arises as to which pathophysiological mechanisms could explain the association between LBP genetic variants and HALS. We have shown here that HALS patients have high systemic LBP levels, but these do not seem to be under genetic control in our patients. Hence, the mechanistic pathways that could explain the association between LBP gene variants and HALS remain obscure and demand further research. Potential explanations are an impairment of LBP function by the T to C mutation and that patients with the TT genotype are simply much better able to collect LPS and bring it to TLR4, thus amplifying the effects of circulating LPS.
An additional finding in our study is that HALS patients have high circulating LPS and LBP and low sCD14 levels. Inflammation biomarkers such as LPS and LBP have been studied in the HIV-1 setting but reports have focused on immunopathogenesis and immune activation 11 -13,25,30 and on several clinical outcomes and co-morbidities. 31, 32 Untreated HIV-1-infected patients have subclinical inflammation 33 and the inflammatory parameters tend to improve when on HAART, but normal levels are usually not reached, even in patients who achieve virological suppression.
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Innovative investigations from Koethe et al. 5, 34 showed that HIV-1-infected individuals on HAART who were overweight had lower sCD14 plasma levels compared with infected patients of normal weight. Our data agree with this, since we found that our HALS subset also had significantly lower circulating sCD14 levels. The reason for the decrease in sCD14 in these patients is not clear but it could perhaps be related to CD14 down-regulation as a protective mechanism against excess of LPS and LBP. New information from our study is that individuals with an extreme HALS phenotype have marked systemic overproduction of LPS and LBP, a previously unreported finding. This implies that individuals with HALS probably have high intestinal bacterial translocation, which is highlighted by the fact that the most robust independent determinant of LBP levels in our study was the presence of HALS. The origin of the increased LBP overproduction in these patients seems to be the Inflammation in HIV-related lipodystrophy 1657 JAC adipose tissue, as has been demonstrated in obese subjects and in a small cohort of HIV-1-infected patients with HALS, 27 and this reinforces the strong interactions between adipose tissue and immune function in HIV-1-infected subjects. 35, 36 This is highlighted by the finding that in our HALS patients plasma levels of both LPS and LBP were positively correlated with pre-HAART HIV-1 viral load and negatively correlated with CD4+ T cell count. This could reflect a higher degree of inflammation and of immune activation in these patients.
Overall, it should be noted that there was a discrepancy in the presence of an association between rs2232582 T C and HALS, an association between LBP levels and HALS, but the lack of association between rs2232582 T C and LBP. Despite this inconsistency, our findings may stimulate further research following this line. It could be useful to assess the relationship between the polymorphisms (and the circulating molecules) in the LPS pathway and downstream inflammatory mediators such as IL-6 and TNF-a. Also, the assessment of the effect on adipose tissue biology related to peroxisome proliferator-activated receptor-g (PPAR-g), lipid storage and release, inflammatory cell infiltration, fibrosis, and cytokine/adipokine gene expression should be of interest.
Our study has some limitations. Firstly, the cross-sectional nature of our design provides associations but not causality. Secondly, our genetic association findings need further replication. We believe, however, that our results are of value given the large number of patients studied, the good categorization of extreme phenotypes and the fact that our positive association findings are based on two genetic contrasts. Finally, we acknowledge that the multiple comparisons performed in this study make some of the marginal associations found less likely to be real.
In summary, when taken together our data suggest that genetic variability within the LBP gene may be associated with HALS. There is a strong relationship between HALS and systemic inflammation, and the presence of HALS predicts circulating LBP levels independently. These findings may open a new and interesting mechanistic pathway for investigating the causes of HALS.
